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The Large Hadron Collider (LHC)

MontBlanc

o~

Circumference: 16.5 miles

= i

e r

Time
Projection
Chamber

L3
Magnet

W

Total Weight : 14,5001,
Overall diameter X
Overall length

Magnetic field




ATLAS at the LHC

* Inner Detector: |n|<2.5
— Silicon Pixels
— Silicon Strips (SCT)
— Transition Radiation Tracker (TRT)
— Solenoidal magnet (B=2T)
« Calorimeters: |n|<4.9
— EM: Lead/LAr
— HAD: Steel/scintillator + Cu/LAr

 Muon System: |n|<2.5
— Precision chambers (MDT and CSC)
— Trigger chambers (RPC and TGC)
— Air-core toroid magnet (JBdL=1-7.5 Tm)

« Several forward detectors
— Luminosity measurement

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter
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ATLAS Subdetectors
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ATLAS Detector Operation

Pixels

SCT Silicon Strips

TRT Transition Radiation Tracker
LAr EM Calorimeter

Tile calorimeter

Hadronic endcap LAr calorimeter
Forward LAr calorimeter

LVL1 Calo trigger

LVL1 Muon RPC trigger

LVL1 Muon TGC trigger

MDT Muon Drift Tubes

CSC Cathode Strip Chambers
RPC Barrel Muon Chambers

TGC Endcap Muon Chambers

All ATLAS subdetectors operate 97-100% of their channels,
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Collisions in ATLAS!!

Nov. 23r: first collisions D_ec- Bth: first colli_sions
| —_ 7 &\ with full detector in

nominal conditions
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Summary of 2009 Data Taking

x10°
£ gooE- ATLAS Collision Candidates —
L%) 8005— MBTS A/C-side Coincidence Trigger
g 7005— .
o) =
g 600 —— Total
%ﬁ 500;_ —— During Stable Beams
T 4005
2 300 Vs=900 GeV L
3 ook Peak Luminosity
1005 — 7 x 10?6 cm2s°!
0E I B s warararill AR AN BTN BN
2 4 6 8 10 12 14 16
Day in December
Recorded data samples Number of Integrated luminosity
events (< 30% uncertainty)
Total ~ 920k ~20 pb
With stable beams ~ 540k ~12 ub
At Vs=2.36 TeV ~ 34k ~1 pb"

(First 2010 collisions at vs=2.36 TeV taken on March 14t )



7 TeV Collision: March 30t

2 EXPERIMENT
Run Number: 152166, Event Number: 316199




March 30 2010

ATLAS IP Separation
H=4.170 mm : V =0.021 mm

CMS IP Separation
H=0.139mm : V =3.924 mm
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Luminosity

* Single most important quantity

— Drives our ability to detect new processes
f Npunch sz

[ = = revolving frequency: f.. =11245.5/s
40,0
Xy

#bunches: n, ,,=2808
#protons / bunch: N = 1.15 x 10"
Area of beams: 476,6,~40 um

— Rate of physics processes per unit time directly

related:
Nobs— JLdt "€ 0 Cross section O:

Efficiency: Given by Nature
optimized by (calc. by theorists)
experimentalist

Ability to observe something depends on N_, .




Instantaneous Luminosity

2 2
L= NS g NRJY

4o, g,

4me B

* Nearly all the parameters are variable

Number of particles per bunch N

Number of bunches per beam k,

Relativistic factor (E/m,) y
Normalised emittance &,
Beta function at the IP B
Crossing angle factor F

* Full crossing angle 0,

* Bunch length o

z

« Transverse beam size atthe IP o

} Intensity

— Energy

} Interaction Region

F=1/\/1 (9—")
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ATLAS during First 7 TeV Collisions

“T;' NN "4 Trigger rates during first 7 TeV collisions
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« Data all taken efficiently
— Minimum bias is taken at full rate during first fill

— High-level trigger (software-based) turned on
after a few hours

15



Peak Luminosity Evolution
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Integrated Luminosity

T 24 ' ' ' | ' —
€ 9o ATLAS Online Luminosity Vs =7 Tev E
> — . -
_(..% 202_ LHC Delivered =
8 18 ATLAS Recorded -
£ 16 Total Delivered: 16.85 nb”

%’ 14F-  Total Recorded: 14.85 nb”

()] —

w125 -
g E
< 8 —
8 6 =
= =

2 =
0= T =
24/03 24/04 26/05
* Delivered: 16.9 nb-’ Day in 2010

« ATLAS recorded: 14.9 nb-! (¢e=88%)

— Inefficiency about 50% due Trigger deadtime and 50% due to

subdetectors turning on/having problems
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Beamspot in ATLAS

Vs=7 TeV

Vs=0.9 TeV

1

- ATLAS Preliminary
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Beamspot vs Vep*
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Physics Discovery Potential

(very brief reminder)
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Physics Cross Sections

WJS 2010
A[\’ — """;171 o - S p =—— é 1000 ¢ AL Y/
) v - \ Q2 o ratios of parton luminosities
Xy X \\- - at7 TeV LHC and Tevatron
P o— é
o 100 ¢
= -
Process M, o(LHC @ 7 TeV) >
o(Tevatron) 2
C
qq—W 80 GeV 3 g
=2 10}
Qa2 s 1 TeV 50 :
gg—H 120 GeV 20 /
qq/gg —tt  2x173 GeV 15 ST
— G 1 . L L. . e
gg — gg 2x400 GeV 1000 i - s
Mx (GeV)

o |Ldt=1 fb-' at LHC competitive with 10 fb-! at Tevatron for
high mass processes
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Higgs Production at the LHC

M Splra et al
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W, Z bremsstrahlung

dominant: gg— H, subdominant: Hqqg (VBF)
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Low Mass Higgs at LHC

ATLA

- Snal
Irreducible bkg

Reducible bkg
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" Large background qg—yy and from jets (with 7t®—yy)
" Mass resolution is key: requires brilliant calibration
" At least 1 photon converts in 50% of events

® Important to understand detector material

VBF: Hqg—Tttqq also very promising and important channel




Squarks and Gluinos at the LHC

« Cross sections depends on g/g mass

— Current limits: m(g)>300 GeV
— Increase large compared to Tevatron

 May decay in cascades o "

7(02 T X
— Additional leptons or jets / \- ----- (

— Very model-dependent

* Search requires good understanding of
— Leptons (e, y and 1)
— Jets (with and without b-tagging)

KN

— MiSSing ET (due to LSP if R-parity conserved)
— And need to trigger reliably on all of the above
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Search Analyses: 0, 1, 2.. leptons+jets
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« Signal can appear in many search analyses simultaneously
— Depends on model details
— Important to do all of them

* Top is most severe background in general
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Current limits (Tevatron):

— m(g)>300-400 GeV/c?
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Performance and First Results




Trigger

40 MHz Collision Rate
_ L S—
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Trig
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Tracking

Scatter Plot of Hits on Tracks

E 1000 o ATLAS.
[—1 oA \ XY"
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500

ATLAS
4 EXPERIMENT 0

Run Number: 1521686, Event Number: 467774

Date: 2010-03-30 13:31:46 CEST

-500

-1000

« Center of experiment e i ey
 Crucial for b-tagging, lepton/y ID,...

* First ATLAS physics paper based primarily on
traCking 30
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Pixel, SCT, TRT Hit Distributions
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Entries / 1 MeV

Resonances: K.°,A\, D*
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Particle Identification with Pixels
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5 o R * Pixel detector measures
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7 EXPERIMENT

Run Number: 152166, Event Number: 810258
Date: 2010-03-30 14:56:29 CEST

Di-jet Eventat 7 TeV |
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Raw measured jet energy: 300 GeV
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Calorimeter Response
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* Excellent agreement between data and MC
— E.g. noise problems would lead to hard tail
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Run Number: 152409, Event Number: 5966801
Date: 2010-04-05 06:54:50 CEST

W-ev candidate in

7 TeV collisions
p,(e+) =34 GeV

nie+)= -042

E_ms = 26 GeV
MT =57 GeV
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Run Number: 154817, Event Number: 968871
Date: 2010-05-09 09:41:40 CEST

M_= 89 GeV
/>ee candidate in 7 TeV collisions

_15 E; (GeV)
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n(e) 0.21
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Photons and Conversions in 2009
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Very good agreement of data with detector simulation "



Wepv“

Run: 152845, Event: 3338173
Date: 2010-04-12 16:56:44 CEST

W-puv candidate *
in 7 TeV collisions

E ™= 41 GeV
M. = 83 GeV




Run: 154822, Event: 14321500
Date: 2010-05-10 02:07:22 CEST

p (M) =27 GeV n(u)= 0.7
p,(u*) =45 GeV n(u) = 2.2

M =87 GeV
m

@ Z>up candidate
in 7 TeV collisions




Dimuon Mass Spectrum
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« J/y appeared recently! 24 26 28 3 32 34 36 38
— Ngyent =49 £ 12 Invariant Mass u'p- [GeV]

— Mass = 3.08 + 0.02 GeV/c?
* Will now provide excellent calibration sample i



First B-tags in ATLAS

suconcary /| Decay distance
\ ny of b:

Prima

/'y/d | c1=0.5 mm
Lo

* Vertex tags in 900 GeV
data

— Remove vetoes against
KO, AY, material
Interactions

— Good agreement between
data and MC

 May have seen first b-jet
in ATLAS

Number of vertices / 0.01 GeV

: loose SV0 selection
o5/ 1 Non-diffractive
i minimum bias MC
- e Data 2009 (\'s = 900 GeV)
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Vertex mass [GeV]

Decay length = 3.7 mm
Decay length signficance = 22
Lifetime = 3.1 ps

Vertex mass = 2.5 GeV
Number of tracks = 5
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First Physics Results



Charged Particle Multiplicities

1.05

e Measurement useful for

— Tuning MC models

— Measuring luminosity
— Understanding soft QCD

 Phase space

— p>0.5 GeV
— |n|<2.5

_ Ncharged21

» Corrected for trigger, tracking
and vertex efficiencies

Vertex Reconstruction Efficiency

Track Reconstruction Efficiency
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Current MC tunes underestimate data
Increase about factor 1.8 from 0.9to 7 TeV



P+ Spectrum
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 MC models disagree by
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Number of Charged Particles
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Conclusions and Outlook

« The LHC era has started 2 20 ATLAS Online Luminosity \a=7Tev
— Detectors are operating well 7 % s E
— LHC performance remarkable :E, 13: Tol Resorsed 1488
and improving week by week  § 10 5
« On track for 1 fb-1in 2011 t:;g 2: :
 ATLAS detector pretty well o | ]
understood already 24103 e 26/05

Day in 2010

L 7

— Good agreement between data e
and simulation for :

« Tracking, Jets and Missing
E., lepton/y identification
— First J/y’s, W’s and Z's seen

 If Nature is kind LHC experiments
can find something in 2011



How to get to 1 fb-1?

LHC LHC LHC
(now) (2011%) (design)
Vs [TeV] 7 7 14
# of colliding bunches <3 =700 2808
Protons/bunch [1070] 2 11.5 11.5
Energy stored (MJ) <0.1 = 35 362
Peak Luminosity 7x1028 1-2 x 1032 1034
[cm2s1]
Integrated Luminosity | 10 nb’ 1 fb-" 10-100 fb-1 /yr

. (* plan constantly adjusted in reaction to what is learned)
 In following weeks

— Increase current per bunch from 2x10'9 to 11.5x101°
« Gain factor 25 in luminosity
« But go back to *=5m initially (loose factor 2.5 in luminosity)

— Increase number of bunches each week by factor ~2

« Gains factor 2 in luminosity each week 50



900 GeV Data
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